Objective: Dominant, left anteromedial temporal lobe resection (AMTLR) for seizure control carries risks to verbal episodic memory and visual object naming. Consistent with traditional thinking, verbal memory decline is considered a consequence of hippocampal removal and naming decline has been attributed to lateral temporal resection. Interestingly, recent findings suggest a potential relation between visual naming and hippocampal integrity, which is consistent with studies that link the hippocampus with higher level visual processing. Historically, naming has been evaluated using visual object naming tasks; however, naming can also be assessed using auditory verbal descriptions. Recent cortical stimulation studies have shown a neuroanatomic distinction between visual naming and auditory description naming. We speculated that unlike visual naming, the hippocampus is not involved in auditory naming, and hypothesized that left AMTLR would not result in auditory naming decline, despite visual naming and verbal memory decline.
Left anteromedial temporal lobe resection (AMTLR) for seizure control is associated with naming and verbal memory decline. 1 Historically, naming has been assessed using visual confrontation naming tasks. Recent studies have also employed auditory description naming ("auditory naming"), which requires naming based on orally presented descriptions. 2, 3 Using neurostimulation mapping, we found anterior temporal stimulation more likely disrupts auditory naming, whereas posterior temporal stimulation typically disrupts both auditory and visual naming. 4 Similar to visual naming, 5, 6 removing auditory naming sites results in naming decline. 7 The posterior location of visual naming sites 8, 9 might appear puzzling given consistent reports of postoperative visual naming decline. However, some studies suggest that visual naming decline following left AMTLR might actually be related to hippocampal resection. [10] [11] [12] [13] This is consistent with investigations describing a close link between the hippocampus and higher level visual processing. 14 To our knowledge, there are no analogous reports regarding higher level auditory processing and the hippocampus; thus, auditory-based cognitive process-ing might not be as closely associated with the hippocampus. That auditory naming sites tend to cluster in anterior temporal cortex might suggest that AMTLR may be, in particular, detrimental to auditory naming. However, in patients with longstanding left medial TLE (MTLE), auditory naming sites tended to be shifted posteriorly, approximately 4.5 cm from the temporal pole, and consequently are less likely to have auditory naming sites within the anterior 3.5 cm removed with AMTLR. 15 We therefore hypothesized that auditory naming would not decline following left AMTLR, despite decline in visual naming and verbal memory.
To test this, we examined preoperative and postoperative auditory naming, visual naming, and verbal memory in left languagedominant patients with left or right MTLE. We included right MTLE patients and verbal memory testing to ensure groups would demonstrate well-established, postoperative changes.
METHODS Subjects. Participants were 45 consecutive unilateral MTLE patients at Columbia University Medical Center (25 left, 20 right) who met inclusion criteria, completed preoperative and postoperative auditory and visual naming tests, and underwent unilateral AMTLR between February 2000 and February 2008. For diagnosis, patients had a medial temporal lesion (n ϭ 2) or unilateral hippocampal sclerosis (HS) on histopathologic analysis and seizures consistent with MTLE from video-EEG (n ϭ 30). In the absence of HS, medial seizure onset was determined via unilateral depth and grid implantation (n ϭ 13). Patients with multifocal brain abnormalities or dual pathology were excluded. Patients were native English speakers, or learned English before age 5 and were fully educated in English. Patients were also required to have unambiguous evidence of left hemisphere language dominance. This was determined by intracarotid amobarbital testing 16 in all patients, with the exception of one right-handed, right MTLE patient, with neuropsychological and postictal testing 17 consistent with left hemisphere language dominance. Demographic and clinical information are presented in table 1. There were no significant group differences in age, education, IQ, or gender.
Standard protocol approvals, registrations and consents. This study was approved by the Institutional Review
Board at Columbia University Medical Center. Written informed consent was obtained from all patients participating in this study.
Preoperative and postoperative testing. In this cohort study, patients completed 3 naming instruments: 50-item Auditory Naming Test (ANT), 2 50-item Visual Naming Test (VNT), 2 and 60-item Boston Naming Test (BNT). 18 The ANT requires naming orally described items; the VNT and BNT require naming line-drawn objects (VNT and BNT items are distinct). ANT and VNT instructions emphasize rapid responding, with a 20-second time limit, and normative data exist for number correct, response time (RT), and tip-of-the-tongue (TOT, defined as number of correct responses 2-20 seconds post stimulus presentation, or only following phonemic cueing). BNT allows 20 seconds to name stimuli, with normative data for only number correct. We calculated an additional measure comprised of items not named within 20 seconds, yet subsequently named following phonemic cueing (BNTcue). The VNT differs from the BNT in word frequency of picture names; the VNT contains familiar, mid-to high-frequency items whereas the BNT contains several low-frequency items (e.g., protractor), confounding naming with vocabulary demands.
Two scores from the California Verbal Learning Test (CVLT), 19 short-delay free recall and long-delay free recall, assessed episodic memory. CVLT short-delay measures the total number of words recalled following 5 consecutive presentations of a 16-word list and a single presentation of a distractor list. Long-delay recall measures the number of items recalled following a 20-minute delay. Patients also completed a 7-point Likerttype scale rating frequency of word-finding difficulty.
Patients were tested preoperatively and approximately 1 year postoperatively (left AMTLR: mean ϭ 15.0 months, SD ϭ 6.2; right AMTLR: mean ϭ 20.1, SD ϭ 16.5), with no group differences ( p ϭ 0.18).
Surgical procedure. Patients underwent AMTLR, as described by Spencer et al. 20 This includes resection of up to 3.5 cm of the anterior, middle, and inferior temporal gyri, removal of the uncus/ amygdala (without extending superior to the level of the anterior choroid fissure), and radical resection of the hippocampus (including the tail, posterior to the crossing of the choroid plexus over the hippocampus) and adjacent parahippocampal gyrus. Hippocampal resection was performed en bloc, with a 3.5-to 4-cm-length specimen (specimen measured without "straightening"). Resection size varied only in so far as the size of the hippocampus varies among patients. All patients had postoperative MRI scans confirming hippocampal removal (figure 1).
Statistical analyses. Independent sample t tests and 2 analy-
ses were performed to assess group differences in age, education, IQ, and gender. Group differences in naming and memory scores were assessed via multivariate analysis of variance (ANOVA). McNemar symmetry 2 examined the relative proportion of patients who declined in auditory vs visual naming. Pearson correlations assessed the relation between naming and memory scores. For post hoc analysis of individual patients, we figure 2 ). There were no interactions for VN number correct or any auditory naming scores (all p Ͼ 0.30).
Given the left MTLE group naming findings, we examined the proportion of patients who declined in auditory and visual naming. Patients were classified as having declined if any ANT, VNT, or BNT scores declined postoperatively Ն1.5 SD (excluding BNTcue due to absent normative data). Among left MTLE patients, 6 (24%) declined in auditory naming, only 1 of which was auditory naming exclusive, whereas 16 (64%) declined on visual naming, 10 of which were visual naming exclusive. McNemar symmetry 2 ( p ϭ 0.007) suggested a higher probability of visual naming decline, contrasted with a lower probability of exclusive auditory naming decline. In light of previous reports of more severe visual naming decline in patients without HS relative to patients with HS, we attempted to examine these 2 subgroups separately. Unfortunately, the current sample of left MTLE patients contained only 8 patients without HS, which is insufficient for valid statistical analysis. Similar to previous reports, qualitatively, visual naming decline appeared greater in patients without HS. To illustrate using TOT, which is the most sensitive naming performance measure, 2 mean pre-postoperative VNT TOT difference scores from the 2 left MTLE subgroups were as follows: left non-HS: 4.4 (6.8), left HS: 2.1 (5.1). This pattern was not observed among right MTLE patients: right non-HS: Ϫ0.43 (2.3); right HS: 0.54 (1.5) . Other subgroup test scores are available in table e-1 on the Neurology ® Web site at www.neurology.org.
Regarding CVLT scores, results of 1-way, multivariate ANOVA comparing preoperative CVLT scores be-tween groups revealed poorer CVLT short delay and long delay scores in the left MTLE group (both p Ͻ 0.01). Results of repeated measures, multivariate 2-way (group by time) ANOVA revealed main effects of both group and time (all p Ͻ 0.01). Most importantly, these were modified by group by time interactions (table 3) , reflecting postoperative memory decline in the left, but not the right MTLE group.
Postoperative decline in both visual naming and verbal memory might suggest a common neural substrate for these 2 functions, and potentially, common cognitive mechanisms. However, Pearson correlations revealed no relation between naming and verbal memory scores (all p Ͼ 0.09). Unexpectedly, with the exception of RT, visual naming and verbal memory correlated in right MTLE patients ( p Ͻ 0.03).
Consistent with previous findings, Pearson correlations indicated that subjective word-finding difficulty correlated with Auditory Naming TOT (r ϭ 0.31, p ϭ 0.04) and RT (r ϭ 0.32, p ϭ 0.03), yet not with any visual naming measures (all p Ͼ 0.26).
Seizure outcome. Given the clinical significance of seizure freedom, seizure outcome was analyzed by dichotomizing patients as seizure free (i.e., Engel classification, 22 class I) vs not seizure free (i.e., classes II, III, and IV). Results of Fisher exact analysis indicated no group difference in the proportion of seizure-free patients ( p ϭ 0.71). Seizure outcome rates in each group were as follows: left MTLE: class I: 76%, class II: 20%, class III: 0, class IV: 4%; right MTLE: class I: 85%, class II: 5%, class III: 5%, class IV: 5%. DISCUSSION Declines in verbal memory and visual naming are a common consequence of left AMTLR in patients with left MTLE. To investigate whether auditory naming might also be at risk, we tested auditory naming, visual naming, and verbal memory before and after AMTLR in patients with left or right MTLE. Consistent with well-established findings, left MTLE patients exhibited significant visual naming and verbal memory decline. In contrast, and consistent with our hypothesis, auditory naming remained relatively stable postoperatively. As expected, visual naming, auditory naming, or verbal memory did not decline following right AMTLR.
Consistent with previous findings, preoperatively, auditory naming was poorer than visual naming in left MTLE patients, and auditory naming was poorer in left than right MTLE patients. 2 Accordingly, the stability of auditory naming following left AMTLR could potentially be explained as an absence of change due to impaired baseline performance. However, visual naming was also impaired at baseline, yet declined postoperatively, and auditory naming, while relatively impaired, was nowhere near floor levels in the left MTLE group. Thus, decline in visual but not auditory naming appeared to reflect differential effects of left temporal resection. For patients considering left AMTLR, potential changes in memory and language are often a significant concern and must be weighed against the benefits of improved seizure outcome. Although numerous studies report visual naming decline, to our knowledge, effects of AMTLR on auditory naming have not yet been described. Prior to dominant temporal resection, patients are typically counseled regarding the risk of naming decline, with naming portrayed as a unitary entity. Given the current data, rather than discussing the risk of global naming decline, perhaps patients can be informed of the welldocumented risk of visual naming decline, with potentially lower risk to auditory naming. Moreover, as auditory naming but not visual naming correlates significantly with subjective ratings of word-finding difficulty, arguably, auditory naming might better reflect everyday word-finding difficulty. 2 Another clinical implication involves the use of stimulation language mapping to preserve naming. Investigators reporting a relation between visual naming and hippocampus contend that mapping may have minimal value if naming decline is inevitable with hippocampal removal. 10, 12 Although group analyses indicated significant visual naming decline in the left MTLE sample, individual patient analysis revealed variability in naming outcome, indicating that naming decline is not necessarily inevitable. As it is quite unlikely that visual naming is mediated solely by the hippocampus, it might be important to determine whether naming sites are located in neocortical regions within resection boundaries. Additionally, given the discrepancies between visual and auditory naming observed here and in other studies, perhaps caution is warranted in drawing generalizations regarding naming based only on visual naming results. Most relevant, we have found that removal of stimulation-identified auditory naming sites is associated with postoperative decline on both visual and auditory naming measures. 7 With respect to neuroanatomic correlates, verbal memory decline following left AMTLR is understood to be a direct consequence of hippocampal removal and naming decline has typically been attributed to resection of lateral temporal cortex. This reasoning is in line with traditional neurocognitive models of memory in which episodic verbal memory is mediated by the left hippocampal region and naming (an aspect of semantic memory) is supported by left lateral temporal neocortex. 23, 24 Potentially at odds with this view, however, are findings that suggest a relation between visual naming and the integrity of the hippocampus. These findings include poorer visual naming in patients with left HS compared to those with structurally normal hippocampi, 10 greater visual naming decline following left AMTLR in patients with structurally normal left hippocampi than in patients with compromised hippocampal integrity due to HS, 11 and significant correlations between hippocampal metabolism, measured by 1 H-magnetic resonance spectroscopy, and visual naming performance. 12, 13 The current visual naming results are consistent with these reports, and suggest that, despite its critical role in visual naming, the hippocampus may not play an essential role in auditory naming, at least in individuals with left MTLE.
With regard to study limitations, the current results might not generalize to normal individuals or other clinical populations. Our population included only MTLE patients who may have undergone developmental changes related to early brain insult and neural plasticity. Additionally, clinically based research frequently does not allow control of potentially important factors. Although our focus was the effect of hippocampal removal on auditory naming, AMTLR removes additional medial structures and portions of lateral temporal cortex. Assessment of auditory and visual naming in patients who undergo targeted hippocampectomy, perhaps via gamma knife surgery, 25 might better answer questions regarding unique hippocampal contribution to modality-specific naming processes. Additionally, generalizations from the current study might be limited by the relatively small sample. Nevertheless, results suggest relatively preserved auditory naming despite visual naming decline in left MTLE patients who undergo left AMTLR, which is useful information for physicians counseling these patients regarding surgical risks.
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